Molecular cloning techniques were used to isolate and characterize the DNA including and surrounding the CDC24 and PYKI genes on the left arm of chromosome I of the yeast Saccharomyces cerevisiae. A plasmid that complemented a temperature-sensitive cdc24 mutation was isolated from a yeast genomic DNA library in a shuttle vector. Plasmids containing pykl-complementing DNA were obtained from other investigators. Several lines of evidence (including one-step gene replacement experiments) demonstrated that the complementing plasmids contained the bona fide CDC24 and PYKI genes. These sequences were then used to isolate additional DNA from chromosome I by probing a yeast genomic DNA library in a lambda vector. A total of 28 kilobases (kb) of contiguous DNA surrounding the CDC24 and PYKI genes was isolated, and a restriction map was determined. Electron microscopy of R-loop-containing DNA and RNA blot hybridization analyses indicated that an 18-kb segment contained at least seven transcribed regions, only three of which corresponded to previously known genes (CDC24, PYKI, and CYC3). Southern blot hybridization experiments suggested that none of the genes in this region was duplicated elsewhere in the yeast genome. The centers of CDC24 and PYKI were only -7.5 kb apart, although the genetic map distance between them is -13 centimorgans. As previous studies with S. cerevisiae have indicated that 1 centimorgan generally corresponds to -3 kb, the region between CDC24 and PYKI appears to undergo meiotic recombination at an unusually high frequency.
The yeast cell cycle provides an attractive system in which to study how cell shape and spatial organization are generated in eucaryotic cells (53, 72) . In this context, the Saccharomyces cerevisiae CDC24 gene is of great interest; cdc24 mutants have pleiotropic phenotypes suggesting that the gene product plays a central role in the morphogenetic processes of the cell cycle (64) . Isolation of the CDC24 gene by molecular cloning should facilitate identification of its product and elucidation of its function at the molecular level.
The cloning of CDC24 acquired additional interest when this gene was mapped to the left arm of chromosome I (29) , as this chromosome has recently provided a vivid example of the "gene number paradox" (i.e., the general discrepancy between genetic and molecular estimates of the numbers of genes [29, 52] ). Genetic and physical evidence indicates that chromosome I of S. cerevisiae contains 260 to 300 kilobase pairs (kb) of DNA (10, 35, 42, 59) . Given this size and the typical spacing of one transcribed region per 2 to 3 kb of DNA observed in S. cerevisiae (see Discussion), this chromosome is expected to contain at least 100 genes. However, 32 independently isolated temperature-sensitive lethal mutations that mapped to chromosome I all fell into the three previously known genes CDC15, CDC24, and PYKI (or CDC19) (29) . Other genetic studies have identified only 10 to 11 additional genes on chromosome I (42) .
Several factors may be contributing to the large discrepancy between the expected and observed numbers of genes on chromosome I. (i) Chromosome I may contain fewer genes than expected from its length of DNA. (ii) Only a small fraction of the genes on chromosome I may encode products essential for aerobic growth on rich medium (the conditions used in seeking temperature-sensitive lethal mutants [29] ) and hence be capable of giving rise to mutations lethal under these conditions. (iii) Some of the genes on chromosome I may encode essential products but be difficult to identify from temperature-sensitive mutations because they are duplicated in the genome or are otherwise functionally redundant. (iv) Some of the nonredundant, essential genes on chromosome I may encode products that are not easily mutable to temperature sensitivity with the temperature ranges and mutagens used. (v) There may be some remarkable hot spots for the induction of mutations on chromosome I by the mutagens used. These possibilities have been discussed in detail previously (29) .
To begin assessing the relative contributions of these factors to the gene number paradox in this system, we have chosen several segments of chromosome I for detailed molecular analyses. Our intentions are to identify all transcribed regions in these segments, to determine which of these regions correspond to the genes already known from in vivo mutational analyses, to determine (by gene disruption procedures) which of the newly identified genes are essential, and to determine which of the "nonessential" genes may be so because they are duplicated. We report here the isolation and partial characterization of the CDC24 gene and of 28 kb of DNA surrounding this gene on the left arm of the chromosome. (29) . n Diploid obtained by mating strain POD17-5A with strain LH395BD1-1A (29) .
MATERIALS AND METHODS
(49), HB101 (40) , and C600 (40) were used to maintain and amplify plasmids and recombinant lambda bacteriophages. The genomic DNA library in the autonomously replicating shuttle plasmid YRp7 (71) was a gift from K. Nasmyth and contained fragments produced by partial Sau3A digestion of DNA from S. cerevisiae AB320 (44) . (22, 40, 61 ). Yeast transformants were tested for mitotic stability of their transformed phenotypes essentially as described previously (24) . Digestion with restriction endonucleases, agarose gel electrophoresis, ligation of DNA fragments, and 32p labeling of DNA by nick translation were done by standard procedures (40, 54) . Restriction fragments were isolated by electroelution (40), followed by passage of the eluate through a column of AGSOW-X8 resin (Bio-Rad Laboratories, Richmond, Calif.) that had been equilibrated with TE buffer (10 mM Tris hydrochloride, 1 mM EDTA, pH 8.0), and precipitation of the eluted DNA with ethanol. Screening of recombinant phage by plaque filter hybridization was performed as described by Benton and Davis (3) . Formation, stabilization, and analysis of R-loop-containing DNA were performed as described previously (26) .
Blot hybridizations. DNA blot hybridizations and determination of fragment sizes were performed by standard procedures (40, 43, 61, 65) . Electrophoresis of RNA and Northern blotting were done by either of two procedures. In one, RNA was electrophoresed in CH3HgOH-containing agarose (2) and then blotted and analyzed as described previously (1, 74) with Transa-Bind aminobenzyloxymethyl paper (Schleicher & Schuell, Keene, N.H.). Alternatively, glyoxal-treated RNA was electrophoresed, blotted to nitrocellulose (Schleicher & Schuell, type BA85), and analyzed essentially as described by Thomas (73) . To determine the sizes of the transcripts identified, a lane containing total RNA was cut from each gel prior to blotting and stained with ethidium bromide to visualize the 18S and 25S rRNA bands, whose sizes were taken to be 1.7 and 3.4 kb, respectively (51) . As only the two standards were used, the transcript sizes given below should be regarded as rough estimates only. Bands in blots derived from different gels were aligned by (i) the size estimates just described; (ii) comparisons between blots of the distances migrated by a particular RNA species (as determined by hybridization to the same radiolabeled probe); and (iii) rehybridization of particular blots with additional radioactive probes.
RESULTS
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HindIII segment containing LEU2 DNA inserted at the BglII site. When KGC24-DlT1 was sporulated, all 35 tetrads dissected yielded two viable and two nonviable spores at the permissive temperature. All 70 viable spores were Leu-, and 69 of these were temperature-sensitive Cdc-. Thus, it appeared that the insertion of LEU2 DNA had produced a recessive lethal mutation that was tightly linked to CDC24 and failed to complement the temperature-sensitive cdc24 mutation. Thus, the transcribed region that spans the BgIII site at which the insertion occurred (Fig. 1A ) must be the CDC24 gene.
Similarly, the PYKI transcribed region was identified by showing that disruption of this region in the yeast genome produced a pyki mutation. As pyruvate kinase is an abundant enzyme (15) , the region of pBR322-PYK1 that gave rise to the most abundant transcript (Fig. 2B, lanes 8 and 9) seemed likely to be the PYKI gene. Thus, a 1.7-kb BamHI fragment containing the yeast HIS3 gene from plasmid pWJ12 (48) was inserted into pBR322-PYK1 at the BglII site that appeared to be within this transcribed region (Fig. 1A) . The resulting plasmid was cleaved with EcoRI into four fragments, including the desired 3.6-kb fragment containing the putative PYKI gene disrupted by the HIS3 gene, and used to transform the PYKIIPYKI his3lhis3 diploid strain DK337 (Table 1) . A mitotically stable His+ transformant, 337/56, was isolated and analyzed. Southern blots of DNA from 337/56 and its untransformed parent (Fig. 2C) indicated that transformation had occurred by homologous recombination, leading to replacement of one chromosomal copy of the 1.9-kb EcoRI segment by the 3.6-kb EcoRI segment containing HIS3 DNA inserted at the BgIII site.
Analysis of tetrads from transformant 337/56 showed an apparent 2:2 segregation of a microcolony phenotype when segregants were grown on YEPD medium. In contrast, all viable segregants grew equally well when replica plated to lactate-glycerol medium (see Materials and Methods). The glucose-negative mutation was apparently caused by insertion of the HIS3 DNA into the yeast chromosome (37 of 38 segregants producing microcolonies were His', whereas 42 of 43 segregants producing normal-sized colonies were His-) and was apparently a pyki mutation, as it failed to complement the temperature-sensitive pyki-101 allele at the restrictive temperature. (That is, mating the glucosenegative segregants from 337/56 to DK144-9D or DK144-22D [ Table 1 ] yielded exclusively diploids that could grow well on glucose at 23 but not at 37°C.) Thus, the transcribed region spanning the BglII site in pBR322-PYK1 appeared to be the PYK1 gene.
Isolation of additional DNA from chromosome I. To isolate additional DNA from the CDC24-PYK1 region, pBR322-PYK1 and the 4.0-kb HindIlI fragment from YRp7(CDC24)1 (Fig. 1A) were used as probes to screen a lambda library of yeast genomic DNA by plaque filter hybridization. Several recombinant phages were selected with each probe; all of these contained inserts that were overlapping. Two of these inserts (phages ACla and XH9a) were characterized further and are shown in Fig. 1A . In total, 28 kb of chromosome I DNA appears to lie between the centromere-distal end of the insert in YRp7(CDC24)1 and the centromere-proximal end of the insert in XH9a.
Phage ACla hybridized to both plasmid-derived probes. Approximate localization of the CDC24 and PYKI transcribed regions on the insert from XCla (see preceding and following sections; results summarized in Fig. 1A ) indicated that the distance between the centers of these two genes is 1A) with that in the yeast strains used previously to estimate the genetic map distance between CDC24 and PYKI (29) . DNA from ACla (lanes 3 and 7) and total DNAs isolated from strains RW1770 (lanes 1 and 5), POD18-71C (lanes 2 and 6), and POD18 (lanes 4 and 8) were digested with EcoRI (lanes 1 to 4) or HindIll (lanes 5 to 8), electrophoresed, and hybridized to 32P-labeled ACla DNA. Shown for lanes 5 through 8 is a composite of 7-h (upper bands) and 24-h (lower bands) exposures during autoradiography. Lane 3 reveals the expected bands due to the XMG14 arms (which contain no EcoRI sites) plus the expected bands of about 5.0, 2.7, 2.2, 1.9, 1.7, 1.2, and 0.35 kb. Lanes 1, 2, and 4 display all of these bands except those due to the lambda arms and the 0.35-kb fragment (which is presumably just too faint to be visible on this autoradiographic exposure). In addition, the bands at 5 kb appear more intense than expected for a single fragment, presumably because they reflect hybridization to the 5.0-kb EcoRI fragment contained in XCla (cf. lane 3) and to the 4.9-kb EcoRI fragment in which lies the centromere-proximal terminus of the insert in XCla (cf. Fig. 1A ). Finally, lanes 1, 2, and 4 also reveal very faint bands at 1.3 kb that are presumably the EcoRI fragment in which lies the centromeredistal terminus of the insert in XCla (cf. Fig. 1A ; note that there is only a short stretch of homology between this EcoRI fragment and the XCla probe). Lane 7 reveals the expected bands due to the XMG14 arms (which contain no HindIll sites) plus the expected bands at 8.5 (not fully resolved from the shorter lambda arm), 2.5, and 1.0 kb. Lanes 5, 6, and 8 display all of these bands except those due to the lambda arms, plus two additional bands at 4.0 and 0.7 kb due to the HindIll fragments in which lie, respectively, the centromere-distal and centromere-proximal termini of the insert in XCla (cf. Fig. 1A ).
-7.5 kb. This was much less than expected given the genetic map distances of 9.4 and 16 cM obtained in two different crosses (29) (see Discussion). This discrepancy was apparently not due either to rearrangements during cloning or to gross polymorphisms between the strains used for genetic mapping and that used for construction of the XMG14 library. First, ACla was one of four independently isolated phages with nonidentical inserts that hybridized to both of the plasmid-derived probes. Second, Southern blot experiments in which DNA from ACla and the strains used in mapping were digested with EcoRI (Fig. 3, lanes 1 to 4) , HindIII (Fig. 3, lanes 5 to 8) , and BglII (not shown) and hybridized to 32P-labeled XCla DNA revealed the same fragments in all cases (except for the fragments involved in the junctions to the lambda arms; see figure legend for details).
The Southern blot experiments also indicated that none of MOL. CELL. BIOL.
on July 7, 2017 by guest http://mcb.asm.org/ Downloaded from the sequences in the 17-kb region cloned in XCla was closely duplicated elsewhere in the yeast genome. Identification of additional transcribed regions in the vicinity of CDC24 and PYKI. Electron microscopy of R-loopcontaining YRp7(CDC24)1 DNA (data not shown) suggested that the segment cloned in this plasmid contained one centrally located and two flanking transcribed regions. Both of the latter appeared to extend beyond the ends of the cloned segment, as indicated by the presence of "tails" (representing unhybridized portions of the mRNA molecules [26] ) on the corresponding R loops. These results were then confirmed and extended by RNA blot hybridization (Northern blot) experiments with probes derived from YRp7(CDC24)1 and XCla (Fig. 1B, results summarized in  Fig. 1A) .
When YRp7(CDC24)1 DNA was used as the radiolabeled probe, four RNA species of 0.7, 1.2, 2.0, and 2.2 kb were detected (Fig. 1B, lane 3) . The 0.7-kb species appeared to be the TRPJ transcript, because a single species of this molecular size was observed when the probe was either YRp7 DNA (not shown) or a purified fragment containing the TRPJ gene (Fig. 1B, lane 1) . The 1.2-kb RNA species appeared to be derived from the centromere-distal portion of the segment cloned in YRp7(CDC24)1, as a species of this molecular size was observed when the probe was the 1.3-kb EcoRI fragment from YRp7(CDC24)1 (Fig. 1B, lane 2) , but not when the other probes derived from this plasmid were used (Fig.   1B, lanes 4 to 6) . Both the 2.0-and 2.2-kb RNA species were observed when the probe was the 2.7-kb EcoRI fragment from YRp7(CDC24)1 or XC1a (Fig. 1B, lane 5) or the 1.2-kb BglII-EcoRI fragment from YRp7(CDC24)1 (Fig. 1A , probe 5'; data not shown). In contrast, only the 2.2-kb RNA species was seen when the probe was the 1.5-kb EcoRI-BglII fragment from YRp7(CDC24)1 (Fig. 1B, lane 4) , and only the 2.0-kb species was seen when the probe was either the centromere-proximal portion of the insert from YRp7(CDC24)1 (Fig. 1B, lane 6) or the 5.0-kb EcoRI fragment from XCla (Fig. 1B, lane 7) . Thus, the 2.2-kb and 2.0-kb RNA species appear to be derived from the central (spanning the BglII site) and centromere-proximal portions, respectively, of the segment cloned in YRp7(CDC24)1.
The experiments described above demonstrated that the transcribed region giving rise to the 2.2-kb RNA species is the CDC24 gene. As the flanking transcribed regions do not correspond to known genes (42; see below), they have been given the temporary names FUN9 (function unknown now; centromere-distal region) and FUNIO (centrormere-proximal region). The positioning of these transcribed regions in Fig.  1A is based on both the R loop and Northern blot results.
When the 5.0-kb EcoRI fragment from XCla was used as the radiolabeled probe, two additional RNA species of 0.8 and 1.6 kb were observed (Fig. 1B, lane 7) . The 0.8-kb species must be derived from a transcribed region that lies between FUNIO and PYKI. This transcribed region has been further localized (as shown in Fig. 1A ) and identified as CYC3 (shown previously to map in this region [41, 57] ) by R. Rothstein and his co-workers and by M. Dumont and F. Sherman (personal communications). A 1.6-kb RNA species also gave a much stronger hybridization signal when the 1.9-kb EcoRI fragment from XCla was used as the probe (Fig. 1B, lane 8 ; note the short exposure used to make this autoradiogram) and a moderately strong signal when the adjacent 2.2-kb EcoRI fragment was used as the probe (Fig. 1B, lane 9) . The experiments described above, as well as the nucleotide sequencing and associated experiments reported by Burke et al. (9) , demonstrate that the 1.6-kb RNA species arises from the PYKI gene, which spans the BglII site within the 1.9-kb EcoRI segment. The evidence that the PYKI transcribed region extends centromere-proximally a short distance (thus accounting for the reduced hybridization signal) into the 2.2-kb EcoRI segment (Fig. 1B, lane 9) is also consistent with the data of Burke et al. (9) . However, their data imply that the PYKI transcribed region does not extend into the centromere-distal 5.0-kb EcoRI segment (Fig. 1A, probe 7) ; thus, the 1.6-kb RNA species visualized in Fig. 1B, lane 7 , may be derived from a distinct transcribed region. However, Southern blots revealed that the gel-purified 5.0-kb EcoRI fragment that was used as the probe for Fig. 1B, lane 7 , contained trace amounts of DNA from other portions of XCla, including the PYK1 region. Given the abundance of the P YKI mRNA, this trace contamination of the probe may have sufficed to give the weak band at 1.6 kb that is seen in Fig. 1B, lane 7 .
When the 2.2-kb EcoRI fragment was used as the radiolabeled probe, a 1.3-kb RNA species was also observed (Fig.  1B, lane 9) . This species had the same mobility as the only RNA species detected when the adjacent 1.2-kb EcoRI fragment was used as the probe (Fig. 1B, lane 10) . Thus, the 1.3-kb RNA species presumably is derived from a single transcribed region that spans the EcoRI site at the junction between the 2.2-kb and 1.2-kb EcoRI segments. As this transcribed region does not correspond to a known gene (42) , it has been given the temporary designation FUNJ] (Fig. 1A) .
When the radiolabeled probe was the 1.7-kb EcoRI fragment from XCla (Fig. 1A, probe 11) , its 1.1-kb EcoRI-BglII subfragment (Fig. 1A, probe 11') , its 0.6-kb BgIII-EcoRI subfragment (Fig. 1A, probe 12) , or the short arm of EcoRIdigested XCla (which contains 1.3 kb of yeast DNA; Fig. 1A , probe 13), a 3.0-kb RNA species gave the only prominent hybridization signal (Fig. 1B, lanes 11 to 13) . As this species was not observed when the 1.2-kb EcoRI fragment was used as the probe (Fig. 1B, lane 10) , the corresponding transcribed region can be positioned approximately as shown in Fig. 1A . As it does not correspond to a known gene (42) , it has been given the temporary designation FUN12. With probe 11, but not with probes 11', 12, or 13, a weak signal was also observed at 1.6 kb (Fig. 1B, lane 11) . The significance of this band is uncertain. It could conceivably represent a distinct transcript, a processing or breakdown product of the 3.0-kb RNA species, or an artifact related to the abundant PYKI mRNA that was present in the blot.
DISCUSSION
Isolation of the CDC24 gene. Studies of cdc24 mutants have suggested that the CDC24 product interacts with Ca2" ions (46) and plays a central role in the morphogenetic processes of the yeast cell cycle (64) . Thus, it will be of great interest to identify this product and elucidate its functions at the molecular level. Isolation of the CDC24 gene is a step toward this goal. Sequencing the cloned gene may allow inferences about the structure and possible functions of the CDC24 gene product, and the availability of the cloned gene should allow the generation of antisera with which this product can be identified and localized in cells (53) . The cloning of CDC24 has also recently been reported by Ohya et al. (46) , whose results appear to be consistent with ours.
In the course of our studies, we encountered difficulties in maintaining active CDC24 genes on multicopy plasmids. For example, we repeatedly recovered plasmids that had lost VOL. 6, 1986 on July 7, 2017 by guest http://mcb.asm.org/ Downloaded from cdc24-complementing activity, although their restriction maps appeared to be unaltered. These observations suggest that there is selection for CDC24-inactivating mutations during propagation of such plasmids in S. cerevisiae or E. coli and raises the possibility that the isolated gene may not be fully normal, despite its retention of at least partial biological activity. This possibility may affect the use of the cloned gene for certain types of studies.
Isolation and partial characterization of a segment of chromosome I. Kawasaki and co-workers had isolated several pykl-complementing plasmids (31) (see Materials and Methods). Our results, together with those of Burke et al. (9) , establish that the pykl-complementing activity in YEp13-PYK1 and in pBR322-PYK1 is in fact due to the bona fide PYKI gene. Using pBR322-PYK1 and a fragment from YRp7(CDC24)1 as probes, we were able to isolate several XMG14 clones containing inserts of chromosome I DNA. Together, the inserts in YRp7(CDC24)1, XCla, and XH9a define a 28-kb segment in the distal portion of the left arm of the chromosome (Fig. 1A) . Using similar methods, we have also isolated substantial segments of DNA from the right arm and the proximal portion of the left arm of chromosome I (13; H. Y. Steensma, J. C. Crowley, and D. B. Kaback, manuscript in preparation). The availability of these cloned DNAs makes it possible to begin a systematic molecular analysis of the reasons for the gene number paradox in this system (see Introduction).
Of the 28-kb segment described in this report, the centromere-distal portion has been characterized more thoroughly than the centromere-proximal portion. In particular, we have obtained good evidence that the 18-kb segment cloned in YRp7(CDC24)1 and XCla is equivalent to the corresponding segment in the chromosomes of normal strains ( Fig. 1A and 3) , and we have mapped at least some of the transcribed regions in this segment. The transcribed regions corresponding to the three known genes CDC24, CYC3, and PYKI have been identified (see Results and Fig.   1A ). In addition, four other distinct transcribed regions were found that do not correspond to any known genes; these have been given the temporary designations FUN9, FUNIO, FUNJJ, and FUN12 (Fig. 1A) . For several reasons, the seven transcribed regions found represent a minimal number for the segment investigated. First, we worked only with the poly(A)+ RNA fraction from cells growing exponentially in rich, glucose-containing medium under aerobic conditions. Thus, any regions producing only nonpolyadenylated transcripts (20, 36) , including any tRNA genes, probably would have been overlooked, as would any genes that are transcribed appreciably only in other cell types or under other growth conditions (11, 38, 50, 68, 76) . Second, there are some residual uncertainties in our results that might reflect the presence of additional transcribed regions (see Results) (see also Fig. 2 in reference 9 ).
Taking our results at face value, the transcribed regions identified occupy roughly 11.5 of the 18 kb, or about 64% of the DNA, and there is, on average, one 1.7-kb transcript per 2.7 kb of DNA. Similar numbers have been obtained with other cloned yeast chromosome segments in which the transcribed regions have been mapped. Taken together, the CDC24-PYKJ region (this study), the histone H2A and H2B gene regions (21) , several ribosomal protein gene regions (33, 77) , the HIS3 region (70) , the GAL7,10,1 region (68), the CYCJ-CDC8 region (4, 16, 32, 38, 60, 62 ; L. Melnick, personal communication), the CDC36 and CDC37 regions (7) , the ACTJ-TUB2 region (17, 72) , the RNA3 and RNAJJ regions (34) , the DURI,2-MET8 region (11, 18) , the DAL gene region (79) , the CDC10-CEN3 region (28, 78) , the SIR2, SIR3, and SIR4 regions (25, 63) , and the MET14-CENJI region (78) (20) . On the assumption that the average S. cerevisiae transcript is 1.5 kb, this yielded an estimate of 3,000 to 4,000 different transcribed regions (20) . We suggest that these figures are underestimates resulting from the failure of some sequences to hybridize efficiently. Clearly, careful studies on additional cloned sequences will improve our estimates of the total number of genes expressed in yeast under various conditions.
In the case of chromosome I, its size of 260 to 300 kb (10, 35, 42, 59) (Fig. 2 and 3 ). However, it should be noted that (i) functionally significant gene duplications might be detected only by hybridizing Southern blots at reduced stringency and (ii) functional redundancy might in some cases involve alternative pathways rather than a duplication of the genes involved in a single pathway. It is also possible that some of the transcribed regions on chromosome I have been difficult to detect in genetic analyses because they serve no important function, at least in vegetatively growing cells. However, it may be noted that most, if not all, of the species of poly(A) + RNA detectable in total yeast RNA are also detectable in the polysomal RNA fraction (20, 26) and thus are presumably being translated into protein. We are presently conducting gene disruption experiments to explore the functions of the previously unidentified transcribed regions on chromosome I.
A hot spot for recombination in the CDC24-PYKI interval. When the CDC24 and PYKI genes were located on the cloned DNA from chromosome I, they proved to be surprisingly close together. Genetic mapping studies (29) had shown that these genes were separated by -13 cM (9.4 and 16 cM in two separate crosses). Studies of the genome as a whole (35, 42) and of a large circular derivative of chromosome III (69) had indicated that on average, 1 kb of physical distance corresponds to -0.34 cM of genetic map distance in S. cerevisiae. Thus, it was anticipated that CDC24 and P YK1 would be 35 to 40 kb apart. Instead, the centers of the corresponding transcribed regions were only -7.5 kb apart (Fig. 1A) . As the precise locations of the cdc244 and cdcl9-1 (an allele of PYKI; see Table 1 ) mutations used in the genetic mapping are not known, these sites could actually be anywhere from 6 to 9.5 kb apart (Fig. 1A) . Thus, over this short interval, 1 kb appears to correspond to 1.4 to 2.1 cM. This appears to be the highest value yet observed in yeast, although other regions with higher-than-average recombination frequencies have also been noted (e.g., the 17.4 cM [41, 42] for the -20-kb [C. Newlon, personal communication] LEU2-HIS4 interval). Southern blot experiments (Fig. 3) indicated that the apparent high recombinational activity in the CDC24-PYKI interval was not due simply to a cloning artifact or to a difference in the length of this interval between the strains used for genetic mapping and the strain from which the recombinant DNA library was constructed. Moreover, the high rate of reciprocal recombination between the cdc244 and cdc19-1 markers is paralleled by high rates of meiotic gene conversion for various pyki (29, 66 As the overall genetic map length (-100 cM [41, 42] ) and physical length (260 to 300 kb [10, 59] for chromosome I yield a value for recombination per unit physical length (-0.38 cMllb) that is similar to that for the genome as a whole, the recombinational hot spot in the CDC24-PYKI interval is presumably balanced by regions of lower-thanaverage recombinational activity elsewhere on the chromosome. Such recombinational cold spots (with recombination rates as low as 0.05 cM/kb) have been observed previously on chromosomes IV (67), X (60), and III (12, 33, 41, 42 
